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6.  in the first instance, transparent regulations should be 
developed using a strategic planning and assessment 
approach and at a scale where cumulative impacts, perhaps 
from multiple gas extraction projects, on other natural 
resources can be evaluated. While a strategic approach 
is vital, and can provide the context and a means of 
managing and evaluating cumulative impacts, recognition 
of the uniqueness of each project (in terms of its geological 
and hydrologic settings, the engineering options, and the 
opportunities for innovation) is critical in good governance 
and regulation. there was agreement by the three Us 
speakers at the canberra workshop that the first step in 
regulation was to require public disclosure of the composition 
of hydraulic fracturing fluids.
7.  regulation and evaluation are components to ensure that 
balanced attention is given to the whole of the gas production 
system and how it interacts with the landscape and its 
natural resources. the Us speakers indicated that this 
may be best achieved with a single regulatory agency that 
integrates across government agencies and interests – from 
occupational health to natural resources and the environment. 
such an agency’s regulatory responsibilities must address the 
whole system involved in gas production.
8.  the regulatory agency needs to have human resources with 
the training, skills, and experience to be credible with both the 
community and industry. a strong and enduring regional presence 
is also helpful. the Us speakers suggested that industry should 
help to pay for and maintain the regulatory system, in this way 
contributing to the sense that the industry is well regulated and 
monitored. industry’s role should be to improve the quality of 
transparent communication – of knowledge, information, and 
monitoring of progress with the community.
e x e c U t i v e  s U M M a r y
1.  the knowledge, skills, and experience of american 
industries, governments, and universities in the field 
of unconventional gas production and water resource 
management is valuable and can be used to provide insights 
for australian decision makers.
2.  analysis by Geoscience australia, coupled with recent 
exploration information, indicates that the australian continent 
has large and extensive reserves of both shale gas (sG) and 
coal seam gas (csG).
3.  shale gas extraction in the United states has generated a robust 
debate about the management, regulation, and governance of 
csG. the public concern has tended to focus on issues that do 
not pose the most important environmental threats. these public 
concerns are often less important in protecting the environment 
and water resources than the need to develop effective 
governance, regulation, and practice.
4.  Us experience is that public and local community concerns 
should never be dismissed, even if the concerns seem 
poorly based in terms of factual knowledge and information. 
transparency and the ready availability of information 
are essential if industry and government are to address 
community concerns that chemicals used in hydraulic 
fracturing may pollute water supplies and that hydraulic 
fracturing operations may release methane to groundwater 
aquifers. lack of transparency and information can lead to 
a rapid loss of trust between the community, government 
regulators, and industry. 
5.  the history of the debate in the Us indicates it is important to 
obtain and make available at an early stage the baseline data 
about the natural resources and the environment so that clear 
insights into the impact of gas production on these natural 
assets can be obtained.
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the United states has an extended history of exploiting 
unconventional gas resources and a well-developed 
unconventional gas industry. as australia develops its 
unconventional gas productions – particularly coal seam 
methane in Queensland and new south Wales – it can draw on 
the experience of the Us and its policymakers, industry experts, 
and environmental regulators. the canberra workshop, held on 
1 March 2012, and an earlier meeting with state government 
officials in Brisbane, were designed to draw on the expertise of 
three invited participants in the regulation of the unconventional 
gas production industry in the Us. the workshop’s aim was to 
look at the lessons that could be usefully applied and further 
developed in australia. contributions from australian technical 
experts and australian government departments and agencies 
provided a valuable australian perspective. this summary 
document explores how regulations, governance arrangements, 
and industry practices may be enhanced in australia based on 
the Us experience. 
B a c K G r o U n d 
Global primary energy consumption is expected to increase 
by 39 per cent over the 20 years to 2030 (cull et al 2011). 
the vast majority of this expanded demand will continue to 
be met from fossil fuels. natural gas accounts for 25 per cent 
of energy use in the United states, and 21 per cent of global 
total primary energy supply(cull et al 2011) . even though the 
production rate of traditional natural gas in the United states 
declined by 39 per cent from 1990 to 2009, unconventional 
natural gas has accelerated so that shale gas is expected to 
account for nearly half of total natural gas production in 2035. 
recent advances in hydraulic fracturing (for example, combining 
horizontal drilling with hydraulic fracturing) have resulted in an 
average annual growth rate of nearly 50 per cent in shale gas 
production. Further advances in technology are likely to result 
in unconventional resources contributing a large share of future 
energy supplies. 
the contribution of coal seam gas to liquid natural Gas 
(lnG) projects in australia, the development of shale projects 
in north america, and the use of oil sands in canada are 
three clear examples of how unconventional resources can 
change the energy landscape. Until recently, canada and the 
United states were expected to develop dozens of lnG re-
gasification projects to import gas for domestic needs. the 
high gas price resulting from market conditions, combined 
with the development of key technologies (especially horizontal 
drilling and hydraulic fracturing), has enabled huge shale gas 
reserves to be unlocked across north america. in the Us, as 
much as 50 per cent of gas consumption is now sourced from 
unconventional deposits, for example shale gas, tight gas, and 
coal bed methane. these recent developments have resulted 
in a lowering of domestic gas prices (cull et al 2011) and the 
creation of an opportunity to start exporting lnG. a critical 
issue is to sustain this production while managing sensitive 
environmental issues around its exploration and production.
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Invited speakers from the USA 
Dr Ian Duncan 
dr duncan is a research scientist at the Bureau of economic Geology at the 
University of texas at austin. His recent research has focused on the scientific, 
environmental, and public policy aspects of unconventional natural gas production, 
and he has presented on these topics and others at the atlantic council. He has 
also been exploring the regulatory frameworks in which recent Us environmental 
impacts associated with unconventional gas production have occurred. dr duncan is 
interested in the similarities and contrasts between Us experiences with shale gas and 
australian experiences with coal seam gas.
Mr Mark Boling
Mr Boling is executive vice President and General counsel of southwestern energy, 
based in Houston, texas. recently Mr Boling has served on the editorial advisory 
Board of ‘Public disclosure of Hydraulic Fracturing risks’ for the sustainable 
investments institute; on the ‘new york advisory Panel on High volume Hydraulic 
Fracturing’ for Governor andrew cuomo; and on the ‘advisory Panel on european 
Unconventional Gas developments’ for the atlantic council. southwestern energy is 
also strongly involved with joint industry–nGo efforts to draft ‘model regulations’ for 
consideration and implementation by jurisdictions in order to harmonise the regulatory 
environment and ensure its effectiveness across areas of the Us.
Mr Scott Anderson
Mr anderson is a senior policy advisor in the energy program at the environmental 
defense Fund, a leading nGo working on issues associated with unconventional 
gas production. His recent focus has been on shale gas development and carbon 
capture and storage. the environmental defense Fund has been strongly involved 
with companies such as southwestern energy in drafting ‘model regulations’ for 
consideration and implementation by Us jurisdictions.
G o v e r n M e n t  o F F i c i a l s 
W o r K s H o P  ( 1  M a r c H  2 0 1 2 )
as part of the Us studies centre’s australia and United states 
climate, energy and Water nexus project, a government 
officials workshop at the anU in canberra brought together 
australian policy makers and relevant interest groups with three 
experts from the United states. the aim was to hear of the 
Us experiences and learn from them, particularly about the 
challenges that unconventional gas production poses for water 
resources. 
at the event participants heard from dr ian duncan, research 
scientist at the University of texas at austin; Mark Boling, 
executive vice President and General counsel at southwestern 
energy; and scott anderson, senior policy advisor in the 
energy program at the environmental defense Fund. these 
experienced experts shared the lessons they had learnt 
about management and regulation of this still controversial 
energy source. Background contributions were also made 
by australian technical experts, and a discussion forum by a 
panel of people from federal and state government agencies 
provided perspectives on how the impact of unconventional gas 
extraction on water resources could be better managed.
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14.50-15.10pm An Australian perspective on 
governance and regional stragetic 
planning
adjunct Professor John Williams, crawford school, anU; ex-
nsW natural resources commissioner; ex-chief, csiro land 
and Water
15.10-15.30pm Break
15.30-16.50pm Panel discussion
Managing impacts on water resources from 
unconventional gas production – some perspectives of 
federal and state government agencies
Mr tim Mason, Manager coal seam Gas section, 
department of resources, energy and tourism
Mr James Barker, assistant secretary, department 
of sustainability, environment, Water, Population and 
communities
Mr James cameron, chief executive officer, national 
Water commission
Mr Brad Mullard, executive director, nsW department of 
trade and investment
16.50-17pm Rapporteur's summary
adjunct Professor Howard Bamsey, United states studies 
centre at the University of sydney and anU
9-9.25am Welcome and introduction
Professor tom Kompas, director, crawford school of 
Public Policy, the australian national University (anU)
adjunct Professor Howard Bamsey, United states 
studies centre, University of sydney
Mr Martin Hoffman, deputy secretary, department of 
resources, energy and tourism, australian Government
9.25-9.55am Update on unconventional gas and 
water resources in Australia
dr stuart Minchin, chief of division, Geosciences 
australia
9.55-10.40am Lessions for better governance of 
unconventional gas production and 
water resources in the US
dr ian duncan, Program director, Bureau of economic 
Geology, University of texas at austin
10.40-11am Break
11-11.45am An industry perspective on better 
governance of gas production and 
water resources
Mr Mark Boling, executive vice President, General 
counsel and secretary, southwestern energy
12.30-13.30pm Lunch
13.30-14.30pm Panel discussion
Possible lessons from the United states
14.30-14.50pm New South Wale's approach 
to managing impacts on water 
resources from unconventional gas 
production
Mr Brad Mullard, executive director, department of trade and 
investment, nsW Government
Detailed program and 
presentations
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some of the characteristic differences between conventional and unconventional gas 
resources are set out in the table below.  
Differences between conventional and unconventional gas
conventional 
Gas
coal seaM Gas sHale Gas tiGHt Gas 
Geological setting Well defined 
structures within 
permeable sandstone 
overlain by a low 
permeability seal
coal seams within 
relatively low 
permeability shales
Within pores/fractures in 
low permeability shales
Within pores/fractures in 
very low permeability rocks 
style of 
entrapment
structural or 
stratigraphic traps
adsorption on 
coal surface or in 
fractures 
adsorption on shale 
surface or in fractures 
trapped in pore spaces
Production driven by natural 
reservoir pressure 
dewatering and/or 
fracturing required
Fracturing required Fracturing or acidisation 
required
Potential water 
impacts
negligible (water not 
displaced through 
production)
Potentially major 
in some areas due 
to hydraulic effects 
of displacing water 
in coal seams and 
contamination by 
fraccing chemicals.
likely to be minor apart 
from where there are 
more permeable rocks 
or structures present or 
if fracturing impacts on 
aquifers (hydraulically or 
chemically)
likely to be negligible due 
to the low proportion of 
water present, except 
if fracturing impacts on 
aquifers(hydraulically or 
chemically)
Definitions: Geoscience australia and Bureau of resources and energy economics (Bree), 
2012, Australian Gas Resource Assessment 2012, canberra p14.
natural gas is a combustible mixture of hydrocarbon gases. it consists mainly of 
methane (cH4), with varying levels of heavier hydrocarbons and other gases such 
as carbon dioxide. natural gas is formed by the alteration of organic matter. When 
accumulated in a subsurface reservoir that can be readily produced it is known 
as conventional gas. conventional gas can also be found with oil in oil fields. 
conventional gas fields can be dry (almost pure methane) or wet (associated with the 
‘wet gas’ components – ethane, propane, butanes and condensate). dry gas has a 
lower energy content than wet gas. natural gas can also be found in more difficult 
to extract unconventional deposits, such as coal beds (coal seam gas), or in shales 
(shale gas), low quality reservoirs (tight gas), or as gas hydrates. 
coal seam gas (csG) is naturally occurring methane in coal seams. it is also referred 
to as coal seam methane (csM) and coal bed methane (cBM). Methane released as 
part of coal mining operations is called coal mine methane (cMM). coal seam gas is 
dry gas, being almost entirely methane. the gas molecules are trapped in the coal, 
adsorbed onto the coal surfaces or as free gas in cleats and micropores, held in place 
by reservoir and water pressure.
tight gas occurs within low permeability reservoir rocks, that is rocks with matrix 
porosities of 10 per cent or less and permeabilities of 0.1 millidarcy (md) or less, 
exclusive of fractures (sharif 2007). in practice it is a poorly defined category that 
merges with conventional and shale gas, but generally tight gas can be considered 
as being found in low permeability reservoirs that require large scale hydraulic 
fracture treatments and/or horizontal wells to produce at economic flow rates or to 
recover economic volumes (Holditch 2006). tight gas can be regionally distributed 
(for example, basin-centred gas), or accumulated in a smaller structural closure or 
stratigraphic trap as in conventional gas fields. shale gas is natural gas which has not 
migrated to a reservoir rock but is still contained within low permeability, organic-rich 
source rocks such as shales and fine-grained carbonates. natural or hydraulically 
induced fracture networks are needed to produce shale gas at economic rates.
o v e r v i e W  o F  W o r K s H o P 
P r e s e n t a t i o n s
Presentations are available as PowerPoint slides from web 
links in the appendix. the distillations are extracted from the 
presentations and notes taken by the rapporteur during the 
workshop, and are supported by references to the literature 
wherever possible.
Unconventional gas and water 
resources in Australia
Dr Stuart Minchin, chief, environmental Geoscience division, Geoscience australia
this presentation gave valuable background to the nature of unconventional 
gas production and gave a context to the relative magnitude of the australian 
unconventional gas resource. analysis by Geoscience australia, coupled with recent 
exploration information, shows that the australian continent has large and extensive 
reserves of both shale gas (sG) and coal seam gas (csG).
the following diagram illustrates, in contrast to conventional gas production, the 
nature of three forms of unconventional gas: coal seam gas, shale gas, and tight gas.
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Unconventional gas resources potentially are very large and are generally associated 
with proven coal or conventional hydrocarbon basins.
current potential resource estimates are:
 > coal seam gas is estimated to be approximately 275,000 PJ and production is 
underway.
 > shale gas is estimated to be approximately 660,000 PJ and as of november 
2011 there was no production. However, shale gas exploration is underway with 
the first target well drilled in the cooper Basin in south australia. http://www.
beachenergy.com.au/irM/company/showPage.aspx/PdFs/2597-40510231/
MediareleaseHoldfast1
 > tight gas was estimated to approximate 22,000 PJ with active exploration, but as 
of november 2011 there was no production (although development is underway). 
current exploration for unconventional gas is very active but tends to be focused 
on basins with existing gas production infrastructure. exploration interest in 
unconventional gas is likely to continue to accelerate in line with increasing energy 
demand locally and in the asia Pacific.
Some features of conventional and 
unconventional gas production
natural gas comes from both “conventional” (easier to produce) and “unconventional” 
(more difficult to produce) geological formations. the key difference between 
conventional and unconventional natural gas is the manner, ease, and cost associated 
with extracting the resource. natural gas develops naturally over millions of years from 
ancient organic matter trapped within geological formations, and it consists primarily 
of methane, but also ethane, propane, butane, pentanes, and heavier hydrocarbons. 
conventional natural gas, as depicted in diagram (right), often collects in the pore 
spaces of sandstone material. it is usually contained in well-defined structures within 
permeable sandstone and overlain by a low permeability seal. entrapment of the 
gas is usually structural or stratigraphic. extraction of the gas is usually driven by 
natural pressure in the reservoir and there is negligible water displaced. Most of the 
conventional gas resources are located off the northwest coast of australia and are 
being developed for domestic use and lnG exports.
Coal seam gas (CSG) 
as indicated above, coal seam natural gas is mostly methane (cH4) generated and 
trapped within fractures, micro-pores, and surfaces in coal seams. Unlike much 
natural gas from conventional reservoirs, coalbed methane contains very little heavier 
hydrocarbons such as propane or butane, and no natural gas condensate. coalbed 
methane is distinct from a typical sandstone or other conventional gas reservoir in that 
the methane is stored within the coal by adsorption. the methane is in a near-liquid 
state, lining the inside of pores within the coal matrix. the open fractures in the coal 
can also contain free gas or can be saturated with water.
Generally, the coals seams occur at relatively shallow depths (of the order of 
200–1,000 m). Production relies largely on the release of water pressure within the 
coal seams, supplemented with fracking where needed to increase the connectivity 
of naturally occurring fractures and micropores within the coal seam. the extent of 
fracturing is variable and depends on the coal characteristics. the diagram (right) 
attempts to illustrate some of these features. 
The relative magnitude of the Australian reserves 
in the three forms of unconventional gas 
production 
The following diagrams from the Australian Gas Resource Assessment report give 
indication and extent of the potential unconventional gas resource.
Source: Geoscience australia and Bree, 2012, Australian Gas Resource Assessment 2012, 
canberra
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Shale natural gas 
shales that host economic quantities of gas have a number of common properties. 
they are rich in organic material (0.5 per cent to 25 per cent), www.en.wikipedia.org/
wiki/shale_gas - cite_note-18#cite_note-18 and they are usually mature petroleum 
source rocks in the thermogenic gas window, where high heat and pressure have 
converted petroleum to natural gas. they are sufficiently brittle and rigid to maintain 
open fractures. essentially shale gas is natural gas trapped in fine-grained organic-
rich rocks such as shales. Unlike conventional and tight gas, shale gas accumulations 
occur within very low porosity source rocks, often containing over 50 per cent silica as 
silt and clay. 
shale gas occurs at a range of depths, however it is much deeper than coal seam gas 
and thermogenic shale gas occurs at greater depths in the range of 2,000–4,000m. 
Generally shale gas formations contain negligible amounts of water. 
Shale gas resources 
australia has large shale gas potential but exploration is in its infancy. the country may 
have significant shale gas resources but such resources are, as yet, poorly understood 
and quantified. a recent estimate suggests total technically recoverable resources may 
be as high as 435,600 PJ (EIA, 20111). current exploration is mainly in western and 
central australian basins, namely the canning, Bonaparte, Perth, amadeus, officer, 
Beetaloo, Georgina, cooper, and Galilee basins. in 2011, Beach energy announced 
the first successful shale gas production test in cooper Basin. current international 
exploration interest in australia is likely to result in a shale gas boom. this will require 
importation of specialised exploration equipment. 
Shale gas production process 
Production of gas is initiated by hydraulic fracturing of the shale to release the gas. 
numerous wells, horizontal drilling, and/or multi-stage fracking required to maximise 
the drainage area from which gas is extracted. Us experience indicates production 
can be highly variable. shale gas production generally results in very little water 
production. 
Water issues associated with shale gas 
Water impacts are likely to be relatively minor. Where inadvertent connectivity with 
shallow aquifers arises from errors in well completion, the issues are potentially similar 
to those associated with csG, namely: 
 > impacts on aquifer pressures 
 > contamination from hydraulic fracturing 
 > induced aquifer connection. 
1 citations in italics are 
those mentioned by 
presenters which have 
not been independently 
checked and referenced 
by the author of this 
synthesis.
Coal seam gas resources 
large-scale csG production commenced in late 1990s. Gas is currently used for 
industrial and domestic purposes including power generation. 
csG exploration and production is maturing in Queensland – the productive basins 
are the surat and the Bowen where there is ongoing exploration and development. 
there is advanced exploration and appraisal in new south Wales within the sydney, 
Gunnedah, clarence–Moreton, and Gloucester basins. overall in australia there 
has been a rapid growth in reserves and production since 2007. coal seam gas 
production represented 10 per cent of australian gas production in 2010 and is 
growing rapidly due to domestic and export demand. 
Coal seam gas production
the cross section below illustrates the process of coal seam gas production and 
some the emerging issues for water resource management.
Water issues associated with coal seam gas 
regional cumulative impacts on aquifer pressures are not well understood but are 
potentially significant, as illustrated in the diagram above. there are concerns with:
 > contamination from hydraulic fracturing 
 > induced aquifer connection from hydraulic fracturing and during borehole construction 
 > disposal of extracted water. some options are treatment and disposal to surface 
water, reinjection, and use for irrigation
 > Water and land use conflicts between agriculture and mining. 
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Tight gas production 
low permeability hinders gas flow and production. Production is technologically 
intensive, requiring horizontal drilling, hydraulic fracturing (fracking), and usually 
acidisation. a greater number of wells are required than in a conventional field due to 
low permeability. in australia there is no production yet from tight gas reserves. the 
diagram illustrates the tight gas production process. 
Water issues associated with tight gas 
With tight gas production, water impacts are likely to be negligible. in cases where 
inadvertent connectivity with shallow aquifers occurs such as from errors in well 
completion, the issues are potentially similar to those associated with csG and are 
principally: 
 > impacts on aquifer pressures 
 > contamination from hydraulic fracturing 
 > induced aquifer connection. 
Critical research questions 
the key knowledge requirement is, fundamentally, the nature of the groundwater 
system which potentially will be impacted by unconventional gas development. 
Further:
 > What is the biophysical impact of water extracted for unconventional gas 
development? 
 > What are the potential impacts – biophysical and socio-economic – from 
hydrogeological/hydrological changes on other industries/sectors? 
 > What is the potential impact on surface (and sub-surface) deformation? 
 > What are the potential opportunities/constraints/impacts of reinjection and 
disposal of treated extracted waters? 
 > What are the risks of fracking and drilling? (chemically and hydraulically). 
Perhaps the most important issue confronting us is:
 > does the data exist to answer these questions, and if so is it organised and 
available? 
Conclusions 
australia has a vast potential for unconventional gas, although the industry is still in its 
infancy. the impacts of developing unconventional gas reserves on water resources 
vary according to setting, but may be significant for coal seam gas and some shale 
gas reserves. Further work is needed to understand the likely regional, cumulative, 
and legacy impacts of developing unconventional gas reserves. this includes 
developing a baseline understanding of the groundwater resource being impacted 
and its likely behaviour under development scenarios. 
Tight Gas 
Tight gas resources 
estimates are that australia has substantial tight gas resources but there are no 
current certified reserves. the largest known resources are in the Perth, cooper, and 
Gippsland basins. reservoirs are usually deep and depths are likely to be between 
1,400-4,000m. Proximity to infrastructure is encouraging exploration and production 
interest in these basins. continuing technological advances are making tight gas and 
oil more economic
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now let us consider whether water consumption for hydraulic fracturing of shale gas 
is a problem. in the Us there does seem to be exaggeration in what academics say 
about water consumption for shale gas. For example, we read ‘staggering’ (Platt et 
al., 2011, Texas A&M) and ‘vast’ (Rahm, 2011). But what are the facts? 
 > consumption is very small regionally, compared to other water uses (typically less 
than one or two percent).
 > Usage in most cases is sustainable.
 > after shale gas exploitation is over there will be no lasting imprint of its water 
usage.
consider water consumption in Pennsylvania for shale gas extraction. the projected 
average peak consumptive water use demand from shale gas operations at full 
‘build-out’ is about 30 million gallons per day (MGd), which is equal to the daily 
consumptive water use from one nuclear power plant (Hoffman, 2011). 
nevertheless, there are water issues: 
 > locally, water withdrawals can be a problems, especially during droughts 
 > in dry areas of the country, water withdrawals can be problematic.
However these problems are being avoided by: 
 > Using municipal waste water 
 > Using brackish water.
there are some important regulatory lessons. regulations and management directives 
should:
 > encourage water reuse and recycling of returned fracturing waters 
 > Promote water river withdrawals during floods, and use long-term storage
 > Promote use of municipal waste water and brackish water.
What opponents of shale gas say about 
contamination of groundwater
“… shale gas development has clearly contaminated groundwater and drinking water 
wells with methane…” – robert Howarth, the david r. atkinson Professor of ecology 
& environmental Biology at cornell University in a formal written submission to the 
ePa, 2010
What does industry say? 
“there have been over a million wells hydraulically fractured in the history of 
the industry… not one reported case of a freshwater aquifer ever having been 
contaminated from hydraulic fracturing” – Rex Tillerson, Chairman of Exxon Mobil 
Congressional Testimony, 2010. 
The tap is on fire, but is this gas biogenic? 
Environmental impact of shale gas 
production: regulatory insights
Ian Duncan, Bureau of economic Geology, University of texas at austin
it is clear that communities are very concerned with hydraulic fracking associated 
with shale gas production, as public protests pictured in the accompanying figurewell 
illustrates.
But is hydraulic fracking the issue that should concern communities?
in the Us, it appears that often a community’s concerns with shale gas production 
focus on issues that science indicates should not be an issue; meantime they fail to 
understand the environmental issues that really might be cause for concern.
there are four questions that appear to be central when considering the environmental 
impacts of shale gas production and looking at how this issue might be managed by 
regulation. 
these are:
 > is water consumption for hydraulic fracturing a problem? 
 > Has hydraulic fracturing contaminated drinking water? 
 > Has gas production led to dangerous levels of atmospheric emissions?
 > are the regulatory frameworks presently in place in the Us adequate to minimise 
the risk of environmental damage? 
Before we proceed further, it is worth considering the differences and similarities 
between shale gas and coal seam gas (methane). First, the volume of water produced 
by shale gas is an order of magnitude less than it is for coal seam methane.
second, coal seam methane is produced at shallower depths and lower pressures 
than shale gas and so there is less risk of blowouts. third, coal seam methane uses 
fewer dangerous chemicals in fracturing. so while there are important differences, 
there are very many similarities.
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What is the cause of these surface spills?
 > a large portion of the surface spills in Pennsylvania were caused by operator error
 > Worker training and retention of local workers appear to be key issues in 
maintaining quality control in drilling and well management 
 > a few cases appear to be sabotage 
 > social aspects of gas industry and its interface with the community are very 
important and should not be overlooked.
so what are the regulatory lessons?
 > Baseline quality measurement of groundwater wells ahead of drilling is essential
 > surface spills on site or from road accidents are the greatest risk to groundwater
 > improving well-bore integrity is critical for ongoing, long-term prevention of 
groundwater contamination
 > science has the technology to determine sources of contamination but it needs to 
be made available to regulatory agencies. 
What about atmospheric emissions? 
let us consider some public statements:
 > “widespread air pollution with compounds such as the carcinogen benzene is 
prevalent in both texas and Pennsylvania”, robert Howarth, the david r. atkinson 
Professor of ecology and environmental Biology at cornell University, in an article 
in Yale Environment 360.
 > “the state of texas reports benzene concentrations in air in the Barnett shale area 
to sometimes exceed acute toxicity standards [tceQ, 2010]”, robert Howarth, 
the David R. Atkinson Professor of Ecology and Environmental Biology at Cornell 
University, ibid.
 > an nGo’s view on emissions: “the dallas–Fort Worth area has seen a dramatic impact 
on its air quality from natural gas drilling in the Barnett shale” (Michaels et al., 2010).
the accompanying illustrations show air emissions from a high-power compressor 
and diesel fumes from trucks that have recently been witnessed.
What do we really know about groundwater 
contamination associated with shale gas 
exploitation?
 > there have been complaints of contamination by iron, manganese, arsenic, and 
benzene.
 > the occurrence of high methane in dimock water wells was documented by 
Pennsylvania state regulators and high methane was later confirmed by the duke 
study (Osborne et al., 2011).
it has been shown that background levels of iron, manganese, and arsenic in water 
wells – which were not near shale gas drilling – were similar to those near gas wells. 
Boron, strontium, and c/H isotope measurements in water wells are consistent with 
the absence of leakage from shale gas wells. it has also been shown (see the bar 
chart on methane migration and stray gas) that groundwater saturated in methane is 
in a significant number of water wells overlying the Marcellus shale and the Barnett 
shale deposits.
Methane concentrations in water wells in Warren County and West Virginia. 
Scientific facts on groundwater contamination
there are no scientifically confirmed examples of hydraulic fracturing fluids 
contaminating groundwater. the environmental Protection agency’s (ePa’s) Pavillion 
Wyoming study is far from conclusive. the preliminary report is now available at: www.
yosemite.epa.gov/opa/admpress.nsf/0/eF35Bd26a80d6ce3852579600065c94e
Four cases over the last 60 years (and considering hundreds of thousands of 
wells) are well documented instances of groundwater contamination, but here the 
contamination was caused by underground blowouts of gas wells, not shale gas.
it is important to note that there have been 20 significant surface spills in Pennsylvania 
from 2009 to 2011. 
 > 40 per cent of the spills were flowback of produced water (the largest spill was 
between 9 and 13 kl) 
 > 15 per cent were of fracturing fluid (the largest spill being 16 kl) in addition to spills 
of drilling mud (up to 24 kl), drilling waste, and diesel fuel 
 > 10 per cent were hydraulic fluid, and 
 > 5 per cent was a release of hydrostatic testing water. 
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What do emission measurements tell us? 
average concentrations of volatile organic compound (voc) species are typically 
less than 1 ppb (roughly comparable or slightly higher contemporaneous autoGc in 
Fort Worth and disH). the observed voc levels in plumes associated with nearby 
compressor stations were small and cannot be unambiguously assigned. 
typical average levels of key pollutants: benzene 0.203 ppbv; toluene 0.330 ppbv; 
o-xylene 0.046 ppbv; ethylbenzene 0.031 ppbv. these averages are one or two 
orders of magnitude below the long-term effects screening levels (esl). 
studies of time trends of emissions show that despite rising levels of gas production 
we generally see declining and stabilising trends in key pollutants. this is illustrated in 
the figure below.
What are the regulatory lessons for air quality in 
shale gas production?
 > Promote low emission completions (green completions) 
 > Promote electric compression and drilling rigs rather than diesel 
 > develop mechanisms for detecting and fixing leaking infrastructure 
 > Formaldehyde and acrolein emissions from compressor exhausts are of equal 
concern to direct voc emissions.
What do the lawyers say? 
the fracking industry should prepare itself to be blamed for a myriad of environmental 
problems until the time when scientists and geologists are better able to define and 
evaluate the risk and/or extent of contamination caused by fracking fluids. 
very high density drilling in a shale gas field west of dallas has given us some 
indications of how emissions from shale gas production can affect air quality. 
the figure on the left shows the large 
number of wells in the Barnett shale 
field, just outside dallas.
the numerous engines associated in the 
Barnett shale field.
Benzene levels derived from this activity 
are shown in the figure on the left. 
they show that maximum benzene 
concentrations are at or below long-term 
recommended levels.
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Unconventional gas production and 
water resources: lessons from the U.S.
Mark. Boling, executive vice President and General counsel, southwestern energy
the natural gas industry comes with much promise for the environment, the economy, 
and for national energy security. But it is also the recipe for a ‘perfect storm’ as 
illustrated in the figure below. the mix of public distrust and fear, industry inability 
to deal with public issues, certain environmental activist groups, and the shadow of 
proposed federal legislation are a volatile combination.
the way forward is to refocus the debate. We need to turn down the rhetoric, identify 
the real obstacles to responsible development of this resource, and develop workable 
solutions to overcome obstacles. the public want to hear not only from industry 
but also, in a transparent manner, from the other side of the question such as that 
provided by the environmental defense Fund (edF).
there are two regulatory considerations 
which need attention, as illustrated in 
the figure to the left, and these can be 
divided into surface and subsurface 
considerations.
Summing up
australia has a strong capability in water management but an integrated approach 
across regions needs to be implemented 
real risks have not been the focus of the public debate in the Us and australia should 
direct regulatory attention to these:
 > surface spills
 > well integrity
 > equipment maintenance. 
the best outcomes will be achieved if industry moves beyond depending on 
regulation to identify and specify the issues and adopt better practices.
 overall, my analysis:
 > finds no scientific evidence supporting contamination of groundwater by hydraulic 
fracturing or related gas extraction activities (in the United states). the evidence 
supports the argument that contamination predated and/or was unrelated to 
drilling activity in all cases. 
 > suggests that regulations covering gas extraction in the United states have 
improved over the last few decades as judged by outcomes. improvements 
will continue, although internet blog–driven disinformation, particularly when 
uncritically accepted and repeated by academics, can distort the progress of 
process improvement. 
 > the data shows that gas production activities have a relatively minor impact on air 
pollution in the dallas–Fort Worth area, and that benzene levels are dominated by 
contributions from vehicle exhausts, vapour losses from gasoline stations, small 
engine exhausts, and industrial exhausts. in addition, the benzene levels in dallas–
Fort Worth have in general decreased even though natural gas extraction has 
ramped up. none of this should suggest that voc levels from shale gas activity 
are inconsequential or do not require more careful and extensive monitoring. 
Further links 
australia can learn lessons from Us gas extraction, 27 February 2012, ABC Radio 
Queensland ussc.edu.au/news-room/australia-can-learn-lessons-from-Us-gas-
extraction
scientific fact, not fiction, needed in gas debates, 29 February 2012, ABC News 
Breakfast ussc.edu.au/news-room/scientific-fact-not-fiction-needed-in-gas-debates
environmental concerns over unconventional gas production, 29 February 
2012, ABC Radio National www.abc.net.au/radionational/programs/
breakfast/2012-02-29/3859144
Us and australia can share experiences in gas extraction, 2 March 2012, ABC 
Country Hour nsW ussc.edu.au/news-room/Us-and-australia-can-share-
experiences-in-gas-extraction
dr ian duncan on the realities behind the demonisation of hydraulic fracturing, 2 
March 2012, The United States Studies Centre, University of Sydney ussc.edu.au/
news-room/dr-ian-duncan-on-the-realities-behind-the-demonisation-of-hydraulic-
fracturing
Much to gain from collaboration between Us and australia on natural gas, 2 March 
2012, Sky Business On The Record ussc.edu.au/news-room/Much-to-gain-from-
collaboration-between-Us-and-australia-on-natural-gas
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Protecting underground water resources
the key to protecting an underground water resource is well integrity. this involves 
four aspects, as illustrated in the following figure. in turn, these are  
(1) evaluating stratigraphic confinement; (2) specifying well construction standards; (3) 
evaluating the mechanical integrity of the well; and (4) monitoring the fracking job and 
monitoring producing-well performance and function. 
Evaluating stratigraphic confinement 
this aspect is illustrated in the case of the Fayetteville shale area with the following three 
diagrams (over page). it is important to appreciate that virtually all fresh water wells are 
less than 500 feet deep in this area. thousands of feet of rock separate the Fayetteville 
shale from shallow, freshwater zones. differences in rock properties (i.e. strength and 
brittleness/elasticity) between the target formation (Fayetteville shale) and surrounding 
formations (Morrow shale and Hindsville lime) act to contain hydraulic fractures within 
the target formation. Hydraulic fractures follow the path of least resistance and continue 
to propagate within the Fayetteville shale. in most shallow formations (less than 
approximately 2,000 feet), the hydraulic fracture will propagate in a horizontal direction.
the surface regulatory considerations 
cover air emissions, water supply, water 
handling, water reuse, and disposal 
surface impact. the last factor depends 
on drilling location, infrastructure, truck 
traffic, and road damage. 
the subsurface considerations, which 
involve protecting underground water 
resources and disclosure of the type of 
frac fluid used.
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Well construction standards 
to evaluate the mechanical integrity of a well, it is first necessary to examine the 
internal mechanical integrity, and this is illustrated in the following three diagrams. 
integrity checking requires verifying that the proposed casing program is appropriate 
(e.g., size, grade, minimum internal yield pressure, etc). it also means testing the 
casing string to ensure it can withstand the maximum stimulation pressure. checking 
the external mechanical integrity involves verifying the quality of cement used and 
identifying the location of the top of the cement. Finally, a test of the cement job 
is required (Formation integrity test (Fit), cement Bond load (cBl), etc) when 
operations indicate inadequate coverage.
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a related issue is the reuse of water and the disposal of waste water. recycling 
water reduces fresh water demand and reduces the impact on roads and related 
infrastructure. it also reduces the amount of wastewater requiring disposal. 
in considering water treatment facilities the factors include flowback and the chemistry 
of the produced water. there are capacity and capability limitations (naturally 
occurring radioactive Materials (norM), disinfectant Bioproduct (dBPs), heavy 
metals), and a decision is needed between centralised and drill site facilities. 
Water disposal wells have geological and hydrological limitations, and there is always 
the issue of ‘not in my backyard’ (niMBy). another problem is that of possible induced 
seismicity. 
another aspect is to monitor the fracking job and test the producing-well’s 
performance and function. typically, this involves monitoring pump pressure and 
flow rate during the fracking job, and monitoring annular pressures during and after 
the fracking job. operations will need to be terminated and corrective action taken 
if abnormal pressure responses indicate mechanical integrity failure or growth of 
fractures out of the target zone. 
air emissions are important, but they have been dealt with by ian duncan.
Water supply
there are three water management issues which require careful attention, and they 
are illustrated in the figure. in brief, they involve:
 > location, volume, and timing of withdrawals 
 > cumulative impact assessment. this is critical and requires regional basin and 
watershed approaches to the water resource. 
 > alternative sources of supply. 
Water handling 
there is a need to think about how water is handled, and this is illustrated in the 
following panel. the first question is whether water is moved by trucks or by pipeline. 
the problem with trucks is the resulting damage to roads. this is a key issue that 
needs planning, sensible regulation and management, and engagement with local 
authorities and the community. there is also the question of impoundments versus 
tanks. the possibilities are closed-loop drilling systems, recycling logistics, and air 
emissions. Finally, how is wastewater to be tracked? the wastewater needs to be 
characterised, the volumes produced recorded, and the volumes delivered verified. 
Water management is critical to minimising the impact on the local and regional 
environment.
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An environmental perspective on 
better governance of gas production 
and water resources 
Scott Anderson, senior Policy advisor in the energy Program, Us environmental 
defense Fund (edF)
We have some very significant legacy issues from the past. there are over 100,000 
orphan well and gas production sites. Who is responsible and what are the 
hydrological consequences of orphan wells, which continually deteriorate in terms of 
their integrity across groundwater aquifers? 
in some states with gas production there has been little progress, while in others there 
has been good progress. in texas, for example, progress has been limited to issues 
such as public disclosure of fracking materials. this disclosure has been a first step in 
a more rewarding conversation with the public.
Some observations
overall, the media attention given to hydraulic fracking has not been helpful in 
obtaining better environmental outcomes. But csG and shale gas production do have 
important environmental impacts that need attention. However, the emphasis on the 
hydraulic fracking down-well issue is really not the main issue. instead, i suggest the 
key issues are:
 > Managing waste from whole of gas production. this includes waste emissions to the 
atmosphere, water waste contamination, and solid waste. all are equally important.
 > the cumulative impacts, both spatially and temporally, of gas production over the 
catchment surface and groundwater soils and habitat. this is the long-standing 
issue. Fragmentation of vegetation and wildlife habitat is overlooked. one well 
field might be fine but how many wells fields can the hydrological and ecological 
systems of the basin or watershed accommodate without major loss of landscape 
function and amenity?
 > there are some hydrological and ecological settings in which unconventional gas 
should be allowed. these locations and regions need to be carefully established at 
the regional scale before any investment is permitted.
 > Governance and regulation which can avoid the environmental impacts above are 
not generally in place in the Us. the future role of the Us environmental Protection 
agency (ePa) is not yet resolved.
 > With good regulation and adaptive management by an alert industry, unconventional 
gas production can proceed with small environmental impact. But this is not 
generally in place in the Us.
Mark Boling at this workshop has correctly identified the key issues which are:
 > disclosure of chemicals in fracking fluids
 > Well integrity and the legacy issues post production
 > stratigraphic containment, and well integrity production and post production, is 
important, yet only one Us state, alabama, requires this
 > Management of gas, liquid, and solid waste
Water cycle for hydraulic fracturing operations 
a water management cycle which seeks to re-cycle and develop a zero discharge 
can be technically demanding, but in the end it is essential for there to be community 
acceptance. an example of a complete water cycle is shown in the following figure.
Summing up 
What are the real obstacles to responsible development of unconventional gas 
resources? the key issues are: 
 > Well integrity. it is critical in protecting underground sources of drinking water. is 
long-term integrity an issue? 
 > if hydraulic fracturing did not cause methane to migrate into the water wells in 
northeast Pennsylvania, colorado, and ohio, then what did? 
 > What are the components of an integrated water management plan and why is 
such a plan so important in minimising the impact of water use, water handling, 
and water disposal in unconventional resource developments? 
 > What can be done to ensure public trust and acceptance of hydraulic fracturing 
operations? 
in the end, it is answers to these questions which will determine the future of 
unconventional gas production, its impact on water resources, and the social licence it 
has to operate.
Further links
southwestern energy, Houston, texas, Usa www.swn.com/Pages/default.aspx
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An Australian perspective on 
governance and regional strategic 
planning 
John Williams, crawford school of Public Policy, australian national University
(Former nsW natural resources commissioner; Former chief, csiro land and 
Water; Member, Wentworth Group of concerned scientists)
the production of unconventional gas is part of managing the whole landscape in line 
with all the other competing demands for use of the landscape – for energy, water, 
food, fibre, minerals, human settlement, and, fundamentally, the maintenance of 
biodiversity which underpins the ecological functioning of the landscape itself.
some of these uses are depicted in the accompanying illustration. the focus of this 
workshop is on energy supply and its interaction with water resources, but the other 
demands for space in the landscape must always be kept in mind.
the large scale exploration and development of the infrastructure required for 
unconventional gas extraction from extensive coal measures in australia is a recent 
phenomenon. export of natural gas is a very large component of wealth generation 
in the northwest of australia, but coal seam gas development in eastern australia will 
inevitably become equally important to the economy. However, australian communities 
are confronted with huge changes to the landscape, as depicted (over page).
 > storage, transport, and disposal of chemicals used in production
 > Gas emissions. While industry thinks it does not matter, it does bite into the 
environmental benefit of gas energy utilisation.
it is not sufficient to just get the rules and regulations right. Production operations 
need to be built around a process of continued improvement. learning and keeping 
an eye on innovation is critical. there must be a place for review so new knowledge 
and rules can be upgraded. rules and regulations without progressive industry 
management and education and training of industry people will not be sufficient. 
Summing up
 > natural gas is an important and growing part of the energy portfolio. it emits less 
greenhouse gases than coal when combusted and avoids mercury and other 
dangerous air pollutants that come from coal. it could be a win–win situation, if 
(and this is a big if) it’s done the right way.
 > the ‘right way’ entails putting tough rules in place that lock in mandatory 
environmental safeguards to protect communities and reduce methane pollution, 
which would otherwise undermine natural gas’s role as a lower carbon alternative 
to coal and oil.
 > current production practices impose unacceptable impacts on the air, water, 
landscapes, and communities. Protecting public health and the environment will 
require stronger rules and enforcement. the public’s right to clean water and clean 
air cannot be compromised.
 > the edF is pushing for rapid regulatory reform where the vast majority of onshore 
natural gas production is occurring.
 > there are sensitive areas that should remain off-limits to natural gas development.
 > environmental and public health risks go well beyond those that may be posed by 
hydraulic fracturing or “fracking”. edF is focused on identifying and addressing the 
impacts from the full range of gas development activities, not just a limited part of 
the well completion process.
 > improved performance is in the industry’s bottom-line interest, whether by 
reducing wasted product lost to leaks, reducing regulatory and financial risk, or 
earning back public trust through transparency and improved performance.
Further links 
environmental concerns over unconventional gas production, 29 February 
2012, ABC Radio National www.abc.net.au/radionational/programs/
breakfast/2012-02-29/3859144
Us and australia can share experiences in gas extraction, 2 March 2012, ABC 
Country Hour nsW ussc.edu.au/news-room/Us-and-australia-can-share-
experiences-in-gas-extraction
scott anderson on the risks and opportunities of natural gas extraction, 2 March 
2012, The United States Studies Centre, University of Sydney ussc.edu.au/news-
room/scott-anderson-on-the-risks-and-opportunities-of-natural-gas-extraction
Much to gain from collaboration between Us and australia on natural gas, 2 March 
2012, Sky Business On The Record ussc.edu.au/news-room/Much-to-gain-from-
collaboration-between-Us-and-australia-on-natural-gas
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the reinjection of treated waste water into other aquifers has the potential to change 
the beneficial use characteristics of those aquifers. 
these potential impacts were specifically for coal seam gas, as australia has to 
date had little development of shale or tight gas exploration or development. i draw 
attention to the Us work on this matter, much of which has been dealt with by the 
three earlier speakers from the Usa.
the conclusions of the Us work in this major report are presented below.
The most rational path forward is to develop fact-based regulations of shale gas 
development based on what is currently known about the issues and, at the same 
time, continue research where needed for information to support controls in the future. 
Additional or improved controls must not only respond to the issues of controversy, but 
also address the full scope of shale gas development. Priorities must be set on the most 
important issues as well as on public perceptions. The path ahead must take advantage 
of the substantial body of policies and regulations already in place for conventional oil 
and gas operations. Enforcement of current and future regulations must also be ensured 
to meet the twin objectives of protection of environment and other resources and gaining 
public acceptance and support.
in line with an earlier speaker from the Usa, there is wisdom in this statement that we 
in australia could well heed.
as indicated in my introduction, i want to consider robust strategic regional planning 
as one governance mechanism that might assist australians prepare for orderly 
exploration and development of natural gas by unconventional means of production. 
such development could sit inside the australian government’s ecologically 
sustainable development Framework.
the national Water resources commission has recognised the implications of 
having a rapidly expanding unconventional gas industry within a governance and 
regulatory environment that has really had little or no experience with the issues of 
unconventional gas exploration and production. the nWc’s early analysis provides us 
with a roadmap to guide thinking. their findings can be found at http://www.nwc.gov.
au/reform/position/coal-seam-gas and are outlined below.
NWC position on coal seam gas development and 
production
there are potential risks to sustainable water management. the major ones are: 
 > extracting large volumes of low-quality water will impact on connected surface 
and groundwater systems, some of which may already be fully or over-allocated, 
including the Great artesian Basin and the Murray–darling Basin. 
impacts on other water users and the environment may occur due to the dramatic 
depressurisation of the coal seam, including: 
 > changes in pressures of adjacent aquifers with consequential changes in water 
availability 
 > reductions in surface water flows in connected systems, and 
 > subsidence over large areas, affecting surface water systems, ecosystems, 
irrigation, and grazing lands. 
the production of large volumes of treated waste water, if released to surface water 
systems, could alter natural flow patterns and have significant impacts on water 
quality and on river and wetland health. there is an associated risk that, if the water is 
overly treated, 'clean water' pollution of naturally turbid systems may occur. 
the practice of hydraulic fracturing, to increase gas output, has the potential to 
induce connection and cross-contamination between aquifers, with impacts on 
groundwater quality. 
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a first step in achieving any of the above is to recognise that we must consider the 
landscape as a whole system; we need to understand how it works and how impacts 
from gas production activities affect the system’s components and thus the operation 
of the whole. the diagram below seeks to illustrate this.
a second step is to work with the targets and goals society has set itself for managing 
the environment. in new south Wales the government has worked to establish natural 
resource targets that are high but reflect the principle of ‘maintain or improve’. all our 
interventions should be directed to maintain or improve environmental and natural 
resource outcomes.   
this needs to be supported by a whole-of-government approach to planning, 
regulation, and governance, and by on-the-gound action to deliver those targets 
(given diverse pressures of population, climate change, and economic development). 
the diagram below seeks to illustrate this way forward. notice that monitoring and 
auditing of progress towards these targets is a critical part of the system. it is central 
to making adaptive management possible.
An Australian perspective on governance and 
regional strategic planning 
From an understanding of how the australian landscape functions it is possible to use 
principles of integrated catchment (watershed) management (icM) to create, within 
a desired set of values, a mosaic of appropriate land uses that do not exceed the 
underlying capacity of natural systems. 
it is possible and desirable to use our knowledge of landscape processes to work 
out beforehand where we can safely mine and where mining would compromise 
agriculture, water resources, biodiversity, other land uses, and environmental function. 
it is clear that mining for coal assets seam gas or shale gas has the potential to put 
at risk the function and value of key long term renewable natural resources and uses 
such as: 
 > water resources and aquatic ecosystems 
 > agricultural land use (food and fibre production) 
 > biodiversity and landscape function via vegetation and habitat management. 
it is folly to secure one natural resource while putting at risk renewable long term 
resource use. the need is paramount for: 
 > good long term regional land use planning to avoid such perverse outcomes 
 > recognition of the limitations of the environmental impact statement (eis) approach 
(which leads to death by a thousand cuts!)
 > nonstatutory regional and landscape planning to inform statutory planning.
Good regional and catchment action planning (caP) as being developed in new 
south Wales and victoria should, with appropriate spatial definition, be able to identify:
 > ‘no go’ areas for mining of gas and coal 
 > ‘go with care’ areas in which mining and gas production can be conducted 
without unacceptable perverse outcomes and within a robust regulation 
framework. 
it is my strong view that for unconventional gas production the mining and petroleum 
and gas acts across the states, and csG in general, need reform to bring them in 
line with ecologically sustainable development (esd) principles. the reform needs to 
be in line with the objectives of the state acts which govern native vegetation and 
water resources, agriculture, and biodiversity (e.g., in new south Wales the native 
vegetation and Water Management acts).
icM is now possible in new south Wales, and mining, along with urban development 
and all land use, should sit within it. it is about making all development in line with 
icM, and maintaining and improving those principles which are directed towards state 
targets for natural resource assets of land, water, and biodiversity. the impacts of 
coal and coal seam gas mining should be assessed beforehand, and helped, through 
regional and caP planning mechanisms, to guide exploration away from areas where 
mining carries high risk to landscape function. 
there is a need to re-think how to manage actual impacts. in particular, remediation 
needs to be managed strategically to avoid the outcome of having large areas of only 
partially remediated sites. We need to consider more carefully what remediation is 
ultimately for. in many instances it may be better to transform land to some to new 
function while remediating others to high quality. 
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the first steps at regional strategic planning, built around a reliance system approach 
that brings community together, have been piloted and shown to bring real value. the 
process is depicted below.
a further test would be to see if it was feasible to conduct regional strategic planning 
in which whole-of-catchment (watershed) natural resource management (nrM) was 
integrated with water resource planning through the development of water sharing 
plans. this has been tested in the Hunter river catchment of new south Wales. the 
interface to mining was examined and included in the assessment of the demands 
mining would place on water resources and nrM activities in the catchment. the 
work depicted below is the result. it gives grounds for hope that unconventional gas 
production can be managed strategically within such a framework.
to ensure that unconventional gas development sits within such a framework there 
is a long way to travel. However, many of the mechanisms and social processes that 
underpin regional strategic planning have been tested and knowledge of how to make 
it work is documented.
at the moment in new south Wales, the planning system does not explicitly support 
the state-wide goals and targets to improve or maintain landscape function and 
environmental outcomes, and there is limited alignment between the planning system 
and other government initiatives for landscape management. But with the review 
of the planning act, and its links to petroleum and mining acts, water acts, and 
vegetation act, it is possible to make progress and now is a great opportunity.
some of the way forward is outlined in the recent natural resources commission 
submission to the planning review in new south Wales. it is available at http://
www.nrc.nsw.gov.au/content/documents/nrc%20submission%20-%20nsW%20
planning%20system%20review.pdf 
a clear example of the direction ahead is to reform the expenditure of effort from near 
total focus on eiss at the development assessment stage to place much greater 
attention and resources on the strategic regional planning stage. Planning resources 
are currently disproportionally focused on development assessment rather than 
strategic planning. 
We must turn the current triangle on its head. if we don’t, 
and continue to focus on eis project by project and without 
attention to the regional cumulative impact, we will continue 
to have a ‘death by a thousand cuts’ to our landscape and 
the options society has for its use in the future. We already 
have the seeds of how these changes can be made. a new 
framework has been built in new south Wales for regional 
strategic planning which could yield full icM.
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New South Wales’s approach 
to managing impacts on water 
resources from unconventional gas 
production 
Mr Brad Mullard, department of trade and investment, new south Wales Government
Background
Historically, coal seam gas has had a long association with coal mining. during coal 
mining, the aim is always to reduce methane levels for safety reason, and so mines 
are always drained before and after mining. often the extracted methane has been 
used to power coal mining operations.
about 96 per cent of proven csG reserves in australia sit in the surat (71 per cent) 
and Bowen (25 per cent) basins in Queensland. the current known reserves in new 
south Wales are relatively small and represent about 10 per cent of australian reserves, 
coming from the Gunnedah (6 per cent), Gloucester (2 per cent), and sydney (1 per 
cent) basins. there are also reserves in the clarence–Moreton Bay basin. 
to date, production of csG in new south Wales is recent and relatively small. in terms 
of power generation, the actual ratio of coal and gas is important. Gas is valuable 
because power can be generated from it very quickly to meet peak loads, whereas 
base load generation is done with coal.
Coal seam gas
all coal seams have some water in them, but the amount varies greatly with the type 
of the coals seam. the associated methane is a by product of coal formation and is 
the result of bacteria acting on the organic material in the aquifer. 
the new new south Wales government has in the first instance been reactive to the 
very public concerns over exploration and production of coal seam gas.
the following actions have been put in place:
 > a moratorium on hydraulic fracking and use of the Btex group of toxic chemicals.
 > development of guidelines for hydraulic fracking to be developed
 > development of a code of practice for csG operators
 > specifications being developed to establish well integrity
 > development of groundwater aquifer interference policy
 > state-wide audit of csG titles
 > Building a community consultation process to consider the guidelines
 > Public exhibition of csG operations
 > assessment of strategic land use planning to establish prime agricultural land
 > examination of infrastructure impacts in high density vertical well arrays. the use of 
new technology for horizontal well drilling will result in reduced vertical well density 
and reduced impact on vegetation and agricultural operations.
the outcome of doing this is depicted in the figure below.
Summing up 
summing up, unconventional gas development in australia could be managed within 
an esd framework. it could follow a strong and strategic regional planning process 
along the lines of that being done in new south Wales. From such a regional strategic 
planning process, in which water resource issues and all land use issues could be 
brought together at a scale where impacts of gas production could be examined, 
it should be possible to establish ‘no go’ areas and ‘go with care’ areas. the link 
to statutory plans could then follow. this would provide clarity to industry and the 
community and save everyone the present huge quantities of time and cost and 
would provide much more certainty of outcome. the pieces of the puzzle to make this 
possible have been piloted and tested. the challenge is to find the political courage to 
take this forward.
the current review of new south Wales planning legislation provides an opportunity to 
create a more coherent and aligned system for managing landscapes in the state – a 
system that manages development while aiming to improve, or at least maintain, the 
essential landscape functions that support the environmental, economic, social, and 
cultural attributes valued by current (and future) communities.
i see evidence that new south Wales now has the institutional arrangements and 
maturing organisations that are able to give us the best chance ever to implement a 
truly integrated approach to catchment management. such an integrated approach 
to regional strategic planning, coupled with robust legislation, can build a platform on 
which the rational development of an unconventional gas industry can be fostered. 
nrc 2010 Progress report www.nrc.nsw.gov.au/content/documents/2010%20
Progress%20report.pdf
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John Williams, crawford school of Public Policy, australian national University
Sharing of knowledge between the United States 
and Australia is valuable.
there is much merit in sharing knowledge and experience between the United states 
and australia in the development of unconventional gas production, and building on 
the lessons learned in the Us could improve regulation and governance in australia. 
the knowledge, skills, and experience of Us industry, government, and universities in 
unconventional gas production and water resource management are very valuable, 
and have importance for practice and policy development in australia. this workshop, 
and events in sydney and Brisbane which preceded it (together with the associated 
public communication), were extremely productive. 
to keep the discussion in context, there are some important differences which need 
to be borne in mind. Whereas the australian continent has large and extensive 
unconventional gas reserves, when set against the Us experience the industry is 
still in its infancy. all of australian experience with unconventional gas production to 
date has been with csG, while a large part of the Us experience discussed at the 
workshops was with shale gas. at the moment, debate in the Us is dominated by 
shale gas. nevertheless, there is a great deal in common with the australian debates 
and concerns with management, regulation, and governance of csG. 
in terms of governance and regulation, the complexity of operating within state, 
county, and federal government arrangements – while very different in detail – have 
much in common between the Us and australia.
the development of further exchange and ongoing consultation between Us and 
australian policy makers, regulators, industry leaders, scientists, and engineers 
was seen as increasingly valuable, particularly since the governance and policy 
environment is developing rapidly in australia. 
Environment and water resource issues which 
need attention are often not those which receive 
the focus of attention in public concern and 
debate
often in australia, as in the Us, public concern and debate focuses attention on 
issues that, from a scientific and engineering perspective, are of lesser importance to 
that of environment and water resources protection. the result is that the issues that 
need paramount attention – development of effective governance, regulation, and 
practice – are not addressed. 
although the three experts came from academic, environmental, and industry 
organisations, they were unanimous in their view that fracking itself posed a low risk. 
the portrayal in popular documentaries of burning methane coming out of taps was 
dismissed as a problem of methane emission from naturally gaseous aquifers or of 
failed well construction, not of fracking itself. However, Mark Boling felt that while 
ever there was uncertainty over this issue the problem would remain. He posed the 
question “if hydraulic fracturing did not cause methane to migrate into the water wells 
in northeast Pennsylvania, colorado, and ohio, then what did?” the preliminary 
finding of the Us ePa in Wyoming addresses this issue. see:  
www.epa.gov/region8/superfund/wy/pavillion/ePa_reportonPavillion_dec-8-2011.pdf
Water disposal is a major issue. in general, new south Wales coal seams are not associated 
with major groundwater aquifers, and the coal seams are deeper than the water resource 
aquifers. in the sydney basin, water in coal seams occurs in only relatively small quantities and 
the disposal issues are readily managed. 
the new south Wales government has put a halt to use of evaporation ponds as a means of 
disposal and deep well disposal is not permitted. the Upper House has released a report of 
the enquiry into coal seam gas. it sets the stage for substantial reform in new south Wales 
and can be found at:
new south Wales Parliament, legislative council, 2012. inquiry into coal seam gas. General 
Purpose standing committee no. 5, report no. 35. sydney, n.s.W., 330 pp.
www.parliament.nsw.gov.au/Prod/parlment/committee.nsf/0/318a94f2301a0b2fca2579f1001
419e5/$File/report%2035%20-%20coal%20seam%20gas.pdf
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Genuine transparency and readily availability of 
information is absolutely essential
Mark Boling drew this to our attention and asked the question “What can be done to 
ensure public trust and acceptance of hydraulic fracturing operations?” this is a key 
issue, for unless fracking can be conducted within a regulatory framework in which 
the public have trust and thus acceptance, a huge barrier to unconventional gas 
production will remain unresolved. Public and community concerns should never be 
dismissed, even if the concerns are apparently poorly based in fact. transparency and 
the ready availability of information is absolutely essential if industry and government is 
to address community concerns that toxic chemicals used in hydraulic fracturing may 
pollute water supplies and that hydraulic fracturing operations may release methane 
to groundwater aquifers. lack of transparency and lack of information can lead to 
a rapid loss of trust between community, government regulators, and industry. it is 
important to obtain and make available early baseline data on the natural resource and 
the environment so that insight into the actual impact of the gas production on these 
natural resources assets can be gained. 
scott anderson made it clear that current production practices impose unacceptable 
impacts on the air, water, landscapes, and communities. Protecting public health and 
the environment will require stronger rules and stronger enforcement. the public’s right 
to clean water and clean air cannot be compromised. there was agreement that the 
first step in regulation was to require public disclosure of the composition of hydraulic 
fracturing fluids.
Transparent regulation should be framed against 
a strategic planning and assessment approach at 
a scale that can evaluate cumulative impacts
in the first instance, transparent regulation should be framed against a regional 
strategic planning and assessment approach, and should operate at a scale on 
which cumulative impacts on other natural resource assets of the gas production 
field (including multiple gas extraction projects in the future) can be evaluated. While a 
strategic approach is vital, and can provide a context and a means of managing and 
assessing cumulative impacts, the uniqueness of each project in terms of its geological 
and hydrologic setting (coupled with the engineering options and opportunities for 
innovation) will be a critical component in good governance and regulation.
this approach was encouraged by scott anderson who explained the environmental 
defense Fund‘s view that ecologically significant parts of the landscape should not be 
subject to unconventional gas production because of impacts of surface operations 
and potential impacts on habitat, particularly groundwater-dependent ecosystems. 
this issue was raised by Hou et al. (2012) as a determining factor in the future of shale 
gas production and regulation. the findings of the Queensland Water commission 
(www.qwc.qld.gov.au/csg/water-impact-report.html) illustrate how important it is that 
the issue is resolved so that sensible science based regulation and governance can 
be developed. 
all three Us speakers called for fracking fluid disclosure laws so that the public may 
know what chemicals are being injected into gas production wells (the chemicals 
are used to fracture the gas-containing deposits to allow the gas to be released 
and extracted). all of them concluded that surface operations were the main cause 
of accidents and pollution in the Usa, including risks of accidents from transport 
of chemicals, water, and wastewater over large distances on country roads. Poorly 
constructed well casings may ‘blow out’, allowing polluted water and gas from depth 
to leak into near-surface aquifers. a small number of such accidents have been 
documented in the Usa. 
the issue of well integrity was a critical issue raised by all three Us experts. integrity 
is critical in protecting underground sources of drinking water. With decommissioned 
wells, long term integrity is also an issue. orphaned wells and site installations release 
materials which accumulate over time to create a very important legacy issue that 
must be recognised and managed from the outset. 
Water resource impacts need careful scrutiny
Mark Boling gave a helpful analysis of regulatory considerations concerning water 
management and protection of the water resource. He suggested it was valuable 
to separate surface from subsurface considerations. in terms of surface regulatory 
considerations, attention needs to be given to air emissions where fugitive greenhouse 
gas emissions are an important matter and of public concern. Water supply and water 
handling are matters that are often the cause of the impacts on the water resource. 
Perhaps the most fraught surface water resource issue is water reuse and disposal. 
Water cycle analysis, particularly for hydraulic fracturing operations, is perhaps the 
most fundamental consideration for regulation and industry practice. 
the fracking chemical used and the resultant chemicals released from the geological 
materials can be a very difficult matter to manage, and good water cycle analysis and 
management operations that ensure the chemical does not enter the environment, are 
matters of paramount importance to regulation and industry planning and design.
in subsurface regulatory considerations Boling gave priority attention to four key 
actions to protect water resources. they were:
 > First allocate priority effort to geological stratigraphic studies so that the 
knowledge is available for a reliable and robust evaluation of the stratigraphic 
confinement of the gas seam, be it coal bed or shale.
 > second, well construction standards must be clearly specified and audited. 
 > third, there should be auditable engineering practice to evaluate the mechanical 
integrity of the well. 
 > Forth, there needs to be monitoring of the fracking job and careful monitoring 
of the well performance under production, and having all this monitoring data 
available in a transparent manner. this was expressed by Mark Boling as ‘base 
line hygiene’ in terms of gas production. 
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c o n c l U s i o n s
our exchange with Us experts in unconventional gas production and environmental 
management has given us valuable insights and lessons which could be timely 
input to the governance and regulation of the australian industry. While regulation 
and governance from the conventional gas industry can be transferred to the 
unconventional gas production industry, there are strong grounds for believing from 
the Us experience that reform and coordination of the relevant petroleum and gas 
acts in australia could be improved to accommodate the environmental issues that 
are specific to the unconventional gas industry. 
a key insight from the canberra workshop is that it would be prudent that governance 
and legislative frameworks for shale gas and tight gas production be developed with 
those for coal seam gas. 
a theme which emerged from the Us–australia consultations at all three australian 
workshops is the need to consider the unconventional gas industry as a whole 
system, from exploration to production and infrastructure development right through 
to decommissioning and long-term management of orphaned wells and infrastructure. 
this demands a whole of the water and waste management cycles view and an 
evaluation as to how all stages of the industry impact on water resources, competing 
land uses and community enterprises. 
there was consensus by the three Us visitors that industry and government must 
‘build effective two-way, authentic communication with the public’.  When asked to 
sum up in a phrase what were the keys to achieving this while building a successful 
unconventional gas industry, Mark Boling said ”people need to be heard”; scott 
anderson said ”honest listening”; and ian duncan said ”transparency”. this exchange 
has provided a basis for these lessons to be discussed and understood. the task 
ahead is to bring them to life.
Governance, regulation, and evaluation must be 
directed at the whole gas production system 
regulation and evaluation must ensure that balanced attention is given to the whole 
gas production system and how it interacts with the ecology and hydrology of the 
landscape and its natural resources. to achieve this requires a high level of integration 
across government agencies – with interests from occupational health to natural 
resources and environmental concerns – and this is often best achieved by a single 
regulatory agency. However, its regulatory responsibilities must address the whole of 
the system involved in gas production.
research by ian duncan suggests that many accidents result from human error, and 
in these cases they tend to occur where the unconventional gas industry is expanding 
– into areas where the oil and gas industry has not been located before or where 
employees are inexperienced or poorly trained. 
anderson finds that environmental and public health risks go well beyond those that 
may be posed by fracking. the environmental defense Fund is focused on identifying 
and addressing the impacts from a full range of gas development activities, not just a 
limited part of the well completion process.
anderson was of the view that improved performance is in the industry’s bottom-
line interest, whether by reducing wasted product lost to leaks, reducing regulatory 
and financial risk, or earning back public trust through transparency and improved 
performance.
the environmental defense Fund, southwestern energy and others have produced a 
working draft model regulatory framework reflecting recent discussions on standards, 
information disclosure, well integrity, monitoring and enforcement (among other issues) 
by a multi stakeholder group. the group aims to develop practical rules that are as 
protective of the environment as reasonably possible. although still a work in progress, 
the group’s work was used as the foundation for regulations recently adopted by 
the state of ohio in the Us and the group’s ideas are under consideration in other 
jurisdictions. 
Regulation and governance initiatives should 
now be developed to manage future shale gas 
production
australia can draw lessons from the experience of unconventional gas production in 
the Us on effective regulation and governance arrangements to manage future gas 
production. these arrangements will protect our future options for use of our natural 
resources and landscapes. While state and national governments in australia have 
regulation development underway for csG, a key piece of knowledge from this Us 
exchange is that such regulation and governance initiatives should be developed now 
in anticipation of future shale gas production.
scott anderson states a way forward when he advocates that the ‘right way’ entails 
putting rules in place that lock in mandatory environmental safeguards which will 
protect communities and reduce methane pollution. Without the safeguards, natural 
gas’s role as a lower carbon alternative to coal and oil would be undermined.
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a P P e n d i x
slide presentations are available at:
www.water.anu.edu.au/pdf/2012/newsletter/cew-background-paper.pdf
www.water.anu.edu.au/pdf/2012/newsletter/ian-duncan.pdf
www.water.anu.edu.au/pdf/2012/newsletter/john-williams.pdf
www.water.anu.edu.au/pdf/2012/newsletter/mark-boling.pdf
www.water.anu.edu.au/pdf/2012/newsletter/sminchin.pdf
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